The magnetocaloric effect is calculated for La 1x Ce x MnO 3 system near a phase transition from ferromagnetic to paramagnetic state as a function of temperature. It is suggested by the results that La 1x Ce x MnO 3 material can be utilized as the working material in an active magnetic regenerative refrigerator with large temperature span, for its significant entropy change upon the application of a magnetic field and the easily tuned Curie temperature.
Introduction
Recently, the materials showing pronounced magnetocaloric effect (MCE) and electrocaloric effect (ECE) can be used as alternatives to the conventional gas [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . This newly refrigeration has the advantages of high efficiency of energy transformation, environmental protection, and low cost. In principle, magnetic refrigeration is based on the magnetocaloric effect, which is the temperature change of a magnetic material associated with an external magnetic field change in an adiabatic process. The same determination can be given for ECE by an electric field change.
There have been many investigations on perovskite manganites, R 1x A x MnO 3 (where R is a trivalent rare-earth ion and A is a divalent ion such as Ca, Sr, Ba, or Pb), due to their colossal magnetoresistance and large magnetic entropy change [14] [15] [16] [17] .
Some perovskite manganites exhibit discontinuous variation in volume at the ferromagnetic transition and an associated sharp change in magnetization [18, 19] . The simultaneous discontinuous volume variation and magnetic transition at C T can strongly influence the magnetic entropy change. Furthermore, by adjusting the composition parameter x, the materials could exhibit very different Curie temperatures. Thus, it is possible to use them as the magnetic refrigerants working in quite a large temperature range. From this viewpoint, this paper reports the magnetocaloric properties of Ce-substituted perovskite manganites La 1x Ce x MnO 3 . Characterization and application of the magnetic properties of ferromagnetic materials become increasingly important as magnetoelectronic devices for the level reliability [20, 21] . A phenomenological model presented for simulation of magnetization dependence on temperature variation is used to predict magnetocaloric properties such as magnetic entropy change, heat capacity change, temperature change, and relative cooling power. 207 temperature and Curie temperature T C is represented by A magnetic entropy change of a magnetic system under adiabatic magnetic field variation from 0 to final value max H is available by
The foundation of large magnetic entropy change is attributed to high magnetic moment and rapid change of magnetization at C T . A result of Eq. (2) is a maximum magnetic entropy change
, which can be evaluated as in the following equation:
Equation (3) is an important equation for taking into consideration the value of the magnetic entropy change to evaluate magnetic cooling efficiency with its full width at half maximum. A determination of full width at half maximum FWHM T  can be carried out as follows: 
The magnetization-related change of the heat capacity is given by
According to this model [22] , 
Theoretical work
Numerical calculation was made with parameters as displayed in Table 1 . Figure 2 shows magnetization versus temperature in 0.1 T applied magnetic field for La 1x Ce x MnO 3 . The symbols represent experimental data from Ref. [23] , while the dashed curves represent modeled data using model parameters given in Table 1 . It is seen that for the given parameters the results of calculation are in good agreement with the experimental results. The magnetic entropy data as a function of temperature for Table 1 Model parameters for La 1x Ce x MnO 3 in 0.1 T applied magnetic field The values of maximum magnetic entropy change, full width at half maximum, and relative cooling power at 0.1 T magnetic field variation for La 1x Ce x MnO 3 are calculated by using Eqs. (3)- (5), respectively, and tabulated in Table 2 . As shown in Fig. 3 , M S  reaches a peak of about 0.28 J/(kg·K) at 225 K upon 0.1 T applied field variation. Moreover, the decreasing of Curie temperature is that which we are seeking by tuning the material composition, because an active magnetic regenerative refrigerator needs a series of magnetic refrigerants with different Curie temperatures working as active and passive materials to expand the working temperature from low temperature to high temperature. Also it should be noted that M S  has a significant value below the peak temperature. This broad distribution could be ascribed to a spread of the ferromagnetic transition temperature in different ferromagnetic clusters caused by the inhomogeneity of structure and stoichiometry [24] .
To explain a large magnetic entropy variation in perovskite manganites, the Zener double-exchange model has often been thought to be applicable [25, 26] . The magnetic entropy change has been believed to 
Ref. [27] .
In addition, it is proposed that the large magnetic entropy change in perovskite manganites could originate from the spin lattice coupling in the magnetic ordering process [27] . Because of the strong coupling between spin and lattice, a significant change in the lattice accompanying the magnetic transition in perovskite manganites has been observed. 
Conclusions
The results show that La 1x Ce x MnO 3 based manganite materials are promising candidate of magnetic refrigerant working in wide temperature range due to the magnetic entropy change upon an application of a low and modest magnetic field, well defined temperature, easily tuned Curie temperature making any temperature span be covered, magnetic softness and isotropic, and good chemical stability.
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